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Abstract of JP2000252526 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a sintered body which is formed of 
Co-Sb-filled skutterudite thermoelectric material that converts heat direct into electricity through a 
Seebeck effect, more improved in figure of merit, and lessened in thermal conduction. SOLUTION: 
Skutterudite thermoelectric material is composed of Sb- containing skutterudite compound crystal 
grains and metal oxide dispersed between grain boundaries and sintered into a sintered body. Metal 
oxide restrains crystal grains from growing in a sintering process, and a skutterudite compound is 
atomized into fine crystal grains which are 20 &mu m or less in average crystal grain diameter. The fine 
crystal grains are increased in grain boundary areas, phonon scattering is enhanced, and the sintered 
body is lessened in thermal conductivity and enhanced in figure of merit. Rare earth metal oxide is 
made to serve as the above metal oxide. The skutterudite compound contains a filled skutterudite 
compound whose composition is represented by a structural formula, LnyFexCo4-xSb12 (where Ln 
denotes rare earth metal, 0<X<=4, 0<y<=1). 
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[SDH] ^ — t y 9 IhZkK. J: SJRfc«««cK«aClfti- 

¥<< h*»wmtt, sb^ 

iiSTOttrt**r»fWU, S^*y7^>f Mb** 

{b*a*#±*£*OlHb*T*>5. tXLKXy^iv?* 
Mfrfr*#, L ny F ex C o4-x S bi2 C;t', Ln 
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(B) 





I 

[»**l] X*<y?JU?4 bXHMttm*. Sbt 

[11**2] mmnyTfr?* bik&to<D¥.mf$&n 
[st** 3 ] ±te&nm\&t**±m&M<Dmtm'v 

'[■1**4 ] ±1EX# y^>\,#4 Mfc*ft*S v L ny 
FexCo4-xSbi2 Lntttif^I, <X 

^ 4 , 0 < y ^ 1 ) (D^/SO^/P yf-^yj b 
i £^i£*±:1-5fi** l Xte 2 tela* 

[ft** 5]" ±IBiaj*d^ 3£X£4t\ _l_o 

0. 8^y^lT*5l«**4-Ol»«W» 0 

[ft** 6 ] ±1B L n # 2 MKU:a>#±«&* £^ 
fr;i£&4*»£:i-5 fit** 4 IS«ccof|ftm«-^o 

[Iff** 7] ±IELn^ > ft±a*«JCft*.-C, Hf 
T'fc&fjt**4 *V^U 6 OV^*ta^ClB<fc<0«*«tt-». 

[§1**8] ' *%y*rtv#4 Mb***** 5 , Col 

[fit** 9] Cr, Mn, Fe^L 

<ttRu, XttN U Pa, Pt, 5gL< f*Cu-C*>5 

»** 8 ^mffi<ommttPto 

[if** 10] CotSb <Z>!&*5& L < li±|EC o S 

t -r sit ** s fciE«offta«-3is|. 0 

[it**ll] L ny F exC o4-x S bi2 C:t% 
Lnfi*±a&«, 0^X^4, 0<y^l) COffifiKit 

K^*yf;^ h^a B atg^^F e s b2te 
as, xHH§Wrt;:J:*:7-fyu yTVU^V MS**B0) 
tr— ^0»f3fifi^*ti-5F e S b2*g(7}t: 0 — * lalSrKff 

[«*512] Ln y F exC 04-x S bi2 Crt, 
Lntt#±Sa^JR, 0^X<4, O^y^l) 0«J«lt 

Lfc:i«r»ti:t57^uK^ jx 

[»**1 3] ±E«aj*aS, #(c N 3SXS4T?, to 
0. 8^y ^lT&£ft**l lXlil 2 tdfEfit^f&m 

WW. 

IIIW14] H f y F exC o4-x S bi2 
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0<X<4, 0<y£l) <DtB.&&&-tZ>7 4/l> 

[if** 15] ±fSM*as, #tC, 3^X^4T\ E.O 
0. 8^y^l-efcSH|#*l 4JC|B«^|»mW«-. 

[ff**16] L ny F exM4-x S b t 2 L 
n^±S^Jg, 1^X^4 N OSy^l) Ofc&fifcJta* 
b457-f/uK^*yf^>f hmiWl^^t> 
M^N i , Pd, Pt(D^ftotfc5:^«F»tt 
57-f/i/K^*yf;^ ^flMKm, 
70 [if**17] 3^X^4-C, Io0. 8^y^l"C 

fe^ti** i e \zKtt<Dmwttfto 

[ff**18] Sb^*yf;u^ Mb*4fc<Btt. 

[fjf**l 9] ±RSb4#^*S/^/^>r Mfc*4* 
L n y F e x C o4-x S bi2 L n ttiffir±(B 

20 0<X^4, 0<y^l) OM(D7-</!/K^* 

[it** 2 0]. ±iaBfiKas, 3sx^4-e, a 

O0. 8^y^lT*>5Bt**19(D!R«tt»0§!iia* 

[ft**2i] ±iBS^j»*as, 

«*tt*tt*r#*$l*, tCM^lt, 3R{b£« 
[»**2 2] Mb***N6as* Co 

[is** 2 3 1 ±is?i^»as x c o s b 3 mt&mm 

ft** 2 2 ^SBtt<7)fR««*3»^S!i5g*jfeo 

40 im** 2 4 ] ±ia»frttas % cotsb 6oa^*&* 

5gL< (iC o S b3»{k-&*l»*0«ffi(ca»^JR^^ 

5sf**2 2 JdlB*0)R«W»0«5|c*afe 0 
[ff**2 5] ±IS^»as % X&ftJR«r«ftL£7K 
S(Stl:C o i: S b t<D»*et< lie o S ba ^{b^ 

^^<t L/-cfS** 2 2 (CfE«<0»««-»Oj»ifi*& 0 
[ft**2 6] mTiaS^JSas, Mn , Cr, Fe, 
^U<liRu, 35: tt, Ni, Pd, PtfKfiCuT' 
50 511**1 84^L2 5 0V^-f^a»^E«Of»«*r» 




3 

^«»ftt?fe5 1 SrWSi: t SUM 1 8 icfBic(D 

[11*92 8] L ny F exM4-x S bi2 Cl CI T\ L 
ntt*±«*JR, 0^X^4, O^y^l) <7>jfc£itcD 

[8***12 9] 7^UK^^5'T^ 

[fll#*3 0] ±Bfb-fr*»**r*«rt-6*«fe3flS, & 
^L2 0, 2 8, RTF 2 9 <D\t^tlt>*lzKM<Bl&Wftft 
[f*3R3S3 1] Sb^*yf^ hMfttt&tt 

[St**3 2] niRtffi-H^, Ni, PdXfiPt 

11*31 3 1 (cfSScCO^m^ * ^/K 
[«#«3 3] nlCoSbJ XHMtttftas, Lny 
Fe x M4-xSbi2 L n f**±{B&aL O^X 

^4, OSy^l, MteN i XfiP dXfiP t) OfflfiK 

[»*3S3 4] p^S b^W^/w yf^^ 
h*!*«»»^«»a*»^rt»»t, nlSb4»7 

[»**3 5] H»»^5|»j&s, **y s rA>?4 Mb£ 

Lfc4«Kft* i*»b*5:fc £4$l£fc £ +■ 

L n y F ex C o4-x S bi2 (r^T% L n fi^r±^ 
0<X^4, 0 < y ^ 1 ) 0(a«(07-f;UK^* 
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xtt3 5 i<z&m<nmm* ? ^onjt^ft. 

[»*3S3 7l ±*Mi&jjWS, WK, 3^X^4T\ j. 
O0. 8 <y < 1-C*>6»*«3 6fria«^JR«*y^ 

[1**4 3 8 ] ±R»*»*#, & 

CoMSb4r±^t«CoSb3 3Mfrfr 
3 4XH3 S^fattOfR^y^/uofiS 

1 8 ^ISScO^®^ y ^/KO«Jt^& 
[BMWU i ] pms b4^*yf/^ Mb*-* 
20 ^ L ny F exM4-x S bi2 (irt% L n (i3r±2I& 
ft* 0^X^4, O^y^l) ^>*a^cit<0 7 4 >V YTsfl 
yf/l'^ Mb**"Cfc0, h 

osgicisBd^iig^; #»*btt#ffl«*K:m^T 

fT 5 r t £#m fc -f <&»#JJ! 3 4 dlEttojft*;*; y 

[»*3I4 2] n^S bt^*7f/^ Mb** 
j&S, L n y F exM4-x S bi2 (CrT% L n fi#±«& 
ft. 0^X^4, O^y^l, MliNi, P d 3m P 
30 t) (7>&jSit;^b<i:2>ni7^>'VK^*s/r/v^ 

[»*«4 3l ±fla»dc*S, 3^X^4T\ J. 

00. 8 ^ y g 1 T?fc5M*94 1 Xtt4 2 t|E«W!R 

[»*JI4 4] lf#>f 3 lft^L3 4^|gttO«ftO 
40 [0 0 0 1] 
[0 0 0 2] 

Zft^tzmWrtPtt UTtt, Bi2 Te3«»W 
50 lbtlTV>5t 0 



-3- 




5 

[0003] £fc, jftWHWctt, vT^y^ hw. 
*§s«3t&^i-c osba xk&tm&ik&to&wm ut 

[0 0 04] mWtfPct LTM^tttfi, if — <y ^ 
Art"*. 

[0 0 0 5] JfcfTtttfffcHLT, #l?9- 2 6 0 7 2 

[ooo6] swB^*tctt, mm»<otm*mk 

IT, MS bll^tfC o S ba^^te^DE^ 

[0 0 0 7] ifi^ % L n T4 P n 1 2 ( L n fi*±»A 
1^ Ttt*BteJ(L Pntt, P, As, Sbfc£fa>5£ 
»)" fl5aW*n57-f/i/K^*yf^ h (filled 

skutterudite)«it<*Mb^*a s ,' f^Wf£ ttai $ 

4 ha*^$ffiiaoA»fl^ (octant) l:#Sf5 2o 
±*A«S:**i-5ri:*cj:oT, S b * ©B^JBrfrfc: 
[0008] rH^g|-rs5fe^fS«fco^T, tfJxtf, 

D. T. Morel I i, G. P. Meisner ; " Highf igure of merit in 
Ce-f illed Skutterdite", I. E. E. E. , 15th Internatio 
nalConference on Thermoelectronics (1996), pp 91 
ft. C e LCo (D-U* F e XWM Lfc C e F e 

x C o4-x S bi2^^^7 yy^jvy^ V <nWiWtfPc<n 5 fc } &*: 
ri^lTv^o mKijcs^ C o \tZtt*i~Z> F e COg^r 

[0009] ^ixfe^ws-feBftm^e^^-^fc LT&ffl 
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[ooio] mwtt&**\m LfefRm^^a— /wcov> 

Til, »9-6 4 4 2 2ff:it Co — Pt — Sb 
3fWfrfi**rnS!i U n P b T e 3R{b&4fc«r*UflJ 

70 [0011] 

[&Was#fcL«fc5i-r*MHI CoSb3 

mttn^m~mt it, sbtatsMRLfctMsHi* 

fc, SbtB<£>#»fi, |R^«*<c&4B;tt£4£ttt\, Co 
S bs 6*6ttlBlft±wfc*fcttiB^ 

20 [0 0 12] 7>f/UK^*5'T;^ htHitte, fftb^: 

7^^tlSM^fe5c 4«COJl-7-L nS:* 

S-T^^tCH, *#y7VU*y h«5S^2flfiOCoJK 
T^fflSr, fllxtf, 3IOF eilT-4^^em-r^^ t 
t-£9. «flf*t*Sri-5wi:36S-c#5 0 FefcSbrtTtt 

50 tiy'rjvy^ MB3iG>— 8MM S F eSbzi SbC^S 

[0 0 13] m??^>W3|SrSr, Sfc®*-^ — 

BBLTH, CoSb3 MCP d^P t ^^3Di-^>w £ 

ciot, kvh?— s t^v^mspa t*m 

40 4t5:^T'^W«^T^6 (#^^8- 
1 8 6 2 9 4^i^»t#fi9) . L2»U pMcO^m 
^(C-T^fc^tC, CoSb3 ttA(CftfllS»AAM 
n, Cr N Fe, R u^(OMxf iSr^Dt 5 1 t ^% 
Cixb^JR(DjS*Ptt, if— ^<y^«»S 

[0014] St, 7^yvK^*yf^ h^f^ffltt 
t±I?:^U:7^uK^*yf^>f h«3g 
50 YZvm-Vtb'Qs nllCilt^CoWJt^^yrl 
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KM»&*Lrv^ev\, 

[0 0 15] Sbfcl, XjJyT/UjfJ bJMMtttft<D£ 

tiW>htiX^1zt>K M^i:w»S«SwS^i: 
J: or, Ka^ltt^a^lRttfciCStv^iBBJBds*) 

[0016] *«^t±, ffirGMlH^C^, tR i Co 

[0017] *»Wtt, Sg 2 tc, C o fc S b fe 
SVHiCoSba 

[0 0 18] $Mfl 7^uK^^w^^fi 
««-3pf^1±ffiJg»Sr Zb\z.fa±$itZ>£*>tj:7 4frYx 

m ^fcflHM*OKV i^a-zutt <o» jfcfrjfc SrJl 

[0 0 19] 

mz.&vz>7*/ ^o»a*rffiiiLr, iiwat 

[0 0 2 0] yf/v^>f 

*»(&tt#M-£«iHfc*<o*^^ 

T£it5o 

[0 0 2 1] gp^, 4feJR»<k«3«(i. CoS b3*ft-& 
*ffi^*fc#M-#U ftiBfiSSWCoSbs *§*0>*fci£ 

[0022] ^«»<t:«^tt, *fr±s&JStf>®Hb 



(5) 3#STTo 00-252526 

JDSit, rttt^to, if-^<y^«»Stf«*S 0 
[0 0 2 3] #S8^fc::m*r, Co ts b&±i£&h't 
SCo S b3*{b^*Jca»A««r**-t-S©*s#*L 
v\ C oCD-SB<t©&Lr, if— <y*« 

— '<^h£LT* Cr, Mn, Fe, Ru*s*iJfflStL 
5 0 nIb-/^FHT, Nii (Ni, Pd, P 
JO t) ^*&JR (Cu, Ag, Au) SrfffltSo 

[0 0 2 4] Sbt^*3'T/^hM^H L 
ny F ex C o4-x S b 1 1%<D7 4 ^ y*7*A'#<{ b 

Sr^i***, *»Mfc*5V^rtt, 7 4 fcY** 
htti^m-rs^SrKJfcUr, »»*dJ:SJR«tt*^ 
ffiT£i»Jfci-5 0 ftttttfl-tt, «Ft-, FeSbzMS 

[0025] ro^wit jsisfcssaa-c, 

20 *o**5E«L ni«IMkSJxrtt**^6>B**$ix, 
Ctb^filSLr^S^ft^^/uK^^y^^^ h«5g 
SU^^F e S b2 t S b-t;i##Sjh,£fctf>rfc5o 

[0 0 2 6] *^l(D7>f/l/K^*yr^ h*Sft« 

COtgSI&JIRU LnyFexM4-xSbi2^ft^i^ 
*iJfflih5o C o Sr«ftlLfc*fr^Sc*ftC o S b 3 tBrt* 
tt^F-^L n 0*«^5F*»(:/i5^^, N 
50 i^Pdft S b bn&fetefc&m&fttE^te^fcA 

[0 0 2 7] &ftW<Df&m t *>yyM'Z, Sbt^y 

tvu*v h pa t nao2iao*s«» 
*^s**«c/h $ v ^ ^ , »&»-o<owti j &m<o ft v ^ 

r, mm*i?=.—'i'bLxfflmzthZ>. 

[0 0 2 8] 

htctl, InSb3^, CoSb3^CQ7^7f^^ 

LnyFe x Co4- x Sbi2|f(7)SbiM^i:L 
r4tr7-f/uK^*y^/u^ hft-frftSr^tr. Co^r 
Ni, Pd, P t <7)^f il^(7)7C$t'I^ Lt L n y F 
exM4-x S b»2^C0<b^ 1 b^Jffi$tt5o 

[0029] jiam*t»tt, ±ia^{b-&*ojftttff"c«> 

50 *) , msmts TO*****, 10 0m mHTi:M« 
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zti&o i o o vm&mz.z>t, 

ttfcolNlttfttt, W»»5|5^ttSt, 

i^ilt, IMb*0>E*fcJ:?K ttlt^oAJl«:fli«ij 

[0 0 3 0] *&9iamwttfttti* ±&<n*s*v*r>\'? 

LT*«Stt5. ftJMMbfttt* JWJpHa^*^ 

5 0 JSW^tfyvvi'^V h*{b^«<Z>»**fc&£^«> 

[oo3i] ^lat^Mib^, mfcmm « * * e> mis 

[0 0 3 2] &JRBMb*fi, K3e4£*IMb*as*JJH-C 
tt. La, Ce, Sm«^, Ce^l 

[0033] r<o«t 5 teftjRUfbWo^lfttt, 

7^;uK^^>^f^ h*fb**^*Rj£tt*rJEJK-C 

[ 0 0 3 4 ] AJMMbfttt , #£L<te, MWt>l: 
o. 1-15% (Sft) o. i%*«-e 

ft, *trilft»fB»*tt/hS<, i5%^8x.5^Mii 
tafp-r^o #£L<te, ■Mbtt***tt* i-io%(D 

[0 0 3 5] ±lEfftfi;W$H±, s b Srgt* yr^^ 
fb* 6, ^*rt*ff«:*fliL, iJiSrftjB 

fcC o S b3<b**tt J ?-36SfiJffl'C#, CoSball 

[0 0 3 6] «P^l:io^tH »&i£«c:tt, *l3y*r 
&fcfe(w<fc 9*ilKb«ft^<07«tt^JK{b«4to«rttlR^tk 




(6) 2000-252526 
lox^^f/W h%L+\z.i%-\zft 

[0 0 3 7 ] «:»jSfeic*5^rtt, Bfl«t»J:?fct5 
^JRcotttXJiTkSfb*^)***!*^, ±tt^45^*jy 

[0 0 3 8] «x.tf, A«oa[Yb*****r«fflL, r 

tiiz'pm<DT ^^^ttkstJpxsc £k .tor, 

^o«Htc:A**|fcfb**ie--fcf+#S-&5 r t ds-e* 
<o*ffi^*JKIWb1fc*s«&— l-36»o»< #*£;KfcttM& 

m<D&mm£%9<Di%— prist * o , mm<Dm& 

J: 9 tt!S*Mi&tt<a£A ^tt* SrlMMWi 0 Htf J: 
20 [0 0 3 9] ±E(Z>4*»{bftO«|— 7-</UK 

tt#jc»*bfcA*»{b*tt v «*saa-c«>tt 

-Y h*{b**^5W»«r»fWLr, *^BW*SSSttt>I« 
[0 0 4 0] *3SW^SUco^Jfe^«8fi, #C c o S b 

COS b3^# s/x/u^ Mb*tt 
30 Sr plf:ft*t5 K-/<y h t UtMn , Cr, Fe, 

Ftlmo lOCo^^^O. 001—0. 0 1m 
o 1 <Dfam&£\<\ *3fc> CoSbs^^yf^h 
Sfrtt, piT*fe6^\ Mn % Cr, Fe, R 

[0 0 4 1 ] rcDj: ?&pS!7G*£C o S b3^C0^^7 

xtfy^/vyj MSiJcttKS-ti-SrtJctD, Col: 

[0 0 4 2] »|£&JRK:fi, CoSb3|x^yr/^ 

n ffl«-«»i-S5c*t LT, Ni^ (N 
i, Pd. Pt) ^»&^J1 (Cu, Ag, Au) *®im 
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[0043] mmm^m^mmzn, *mw\z 

»tkS-a:5*Stt, CotSbfcw»5teSl 
<fiCoSb3 ^jt:^»^(cWM^i»^ 

IS"*-*. 

[0 0 4 4] SbM, »tkOS'JO*fttt, Co^S 
b©ft«Sl<»CoSb3 »fb^*»*0*ffitc»» 

ftR&^-a/i'T o-r y^uta^ftttsfc^R 

T\ C o S b iW»5fc«U< liCoSbs 3R{bft»» 

[0 0 4 5] r<Dj:5*»»A*o*&— »«S*S*ife 

fi, C o S b3**#y^yu*V hSrnfflJCSEifti-STC 
i^Ut, =-y$vH£ (Ni, Pa, Pt) -^ft&M 
(Cu, Ag, Au) <DWMlZi>fflm$tlZ>o 
[0 0 4 6] jK*S^5fei£oT, s b £^tf*# y 

*r«fe*s*ijffl-c&5. »*L<fi, Co&tf s b&£ip]S 

tf, C o S bsfbftWfci*— fcffWSii:, BfK^ttftfc 

[0 0 4 7 ] :w*6ii, c o s b3^b-fr**r«l*i-*t 
tf, Co, Sb&a *Otto«fIBBfKOA«*, fufE 
<b^4*W«&rtfc:ft5J: ?tcia^L, #H**r#KMbtt, 

*<D&&iFftx-c o s b3<b^*o«ffflBB*6?a 

ft (#]8 7 6<C) £AT<£>#rfcWaft (6 0 0-8 6 0*0 

0, CoSb3 5R<b**Sr«^«ftH*-e:-C«W*:4< 
L*MHbi-*. 

[oo4 8] mm^wim^m^mLtcm^ m& 

*W h»^»OJteStt, «63Bffott*ttftSr*at)SO 
"C, l 0 0 ^m^T<7)^fMo®iIS(cI^S-r6o x#y^ 
haWb**^»*li, ±^Lfc<t 5 4*ST, ft 
«!IMb*»4:, L<f*, iMIi:, tc 

[0 0 4 9] *|g^(Oj»««-3|6|.W«Stt^«, L< 
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wft«K{b»i:Bf*oa»ft*«r^tfrit»«:*:JSAU, 
Six, »*{bi-5. 

[0 0 5 0] gtl&fttoXjJiyT/l'jrj h&A%tt%m& 
5o S^W^ftJRIMbWtt:* «tt©Rtottrt*feRjt 

Swtma, ttttr&ftd, jj6*s*#fis ^L-^m^i 

i 0 0-1 0 0 Okgf/cm 2 , «aS?Efttt, **v s rfl'# 
-f h»A<o»»iaft«t«9ffi;v\ eoo-soo'CW 

[oosi] tk«^^x-e«j|Sft^J:ixtf, 

2-5 »tSHfflt'ft8S 9 0 %JEJL±^>**S*r^7i-S 

[0 0 5 2] *3gMOjft«tt"»fi, »*U<tt, ±BW 
£5^, L n y F ex C o4-x S bi2 (tilMLn 
tt, 0<y=il, Fe^0<X<4) T^$tl5M^ 

^K^^^f^ Mb*«Jtt, Co S bsgSdltiKfitt 

»*6VM4ftr«rF efi^Lm^fc^ * 
3(9. ±^7C^Ln?i, La, Ce, Pr, N d , S 

[0 0 5 3] %>±m&m L n IS, L < fi, L n £ 

0. 4^y^UL N E.O, Fe^2^X^4i:t50 
ds±v\ 0. 4>yi:i-^i:, ****ST3ft s 91-tfT, 

y>i<Jri-5^, ig»J 
tftofc#J«ft*l5c»*«IMi4:Lr*fffl-#-5. r<o» 
^, FeSr2^X<4tt6WH ^^7T/^h^ 
Pii45fc^t 9 r»ftSr»«fc«)-C*)5. 
[0 0 5 4] $ib(C^^L<H, Ln t F eOffijsR^S, 
^ 3^X^4T\ IOO. 8 ^ y ^ 1 T'fc-5 D rc0jfe&^*5 

[0 0 5 5] Ln fc U"C2«a^±^#±*ftJRSr$tf 

e>(«^^«t6rt^T^6o «*J^L*i, La 
i:C e t<Dm^t>^:tmmx^, La :Cet^t 
ftcD^yuit^, 40:60-60:4 0 <Z>P}&X~Mftft 

50 *sR*-cfe5<o-e#* L^o 
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[0 0 5 6] #»W<D!»«»»ti\ LnlCfttt, Hf 
Sr*iJffii"Swt^"e#, H f y F ex C o4-x S bi2 (C 

rr\ o<x^4, o< y ^ i) com*$r**r-5 7^/u 

fb*toS*UfflS*ta. *^MWb*<Z>&*K:tt, La ctC e 
[0 0 5 7] jffittffd, »>t^^ hS3Bft3&5, * 
fclC, 'M^FeSbjI^teiO'MFe, Co& 

±iaa«o<b**»*jc, iMb*©«i»*ra*LT, r 

[0 0 5 9] ftg©fcJ!)07>f;i/ yT/Vfj 
<f*. Fe, Co, Sb. **5c*. #J;ii^ C e 

[0 0 6 0] iO±5ft*ilBBHtttW:, #£L<te N 30 
Ln, Fe, C o&t^S b <DWM&$>&. WltMk&fa<D 

howaprttftjaK, w^tf 6 oo-so ot:tciS5!fttft 
[oo6i] *9«ibi»«aa»aLfeatt, »«*u b? ^ 

I^fMl-^lT, :7.<vu K*>t7 s^A^-f Mb 
[0 0 6 2] ^0^tr*5V>T^, Mj£riSSM4$*Lfc:7-f 

Jj-XjvT X2<iisy\Z, &&WcmZ>F e S bztt*i& 

ir^s-e^So Sfcttffcfi* MfiT'fcSF e s b 2 *f£t£ 

^t^Icb^ioT, if ->*«&S£|fi]±$-e\ J. 

o N i£i$ K ^t5r^^'#5 0 50 




4$BH 2000-252526 
[0 0 6 3] *«^LnyFeiCo4-xSbi2*7>f 
e S b 2 &tf S b4:4b^*B*»««:«*«i(M-Sr fc 
joV^te. L n y F ex C o4-x S b l 2 <Dmi£<D7 << A* K 

f/P^ hfifltifl:FeSb2ffi^ x*[HtFrK < i;5 
7^^F^^7T/^ h & A *B <£> b°- * Isltfrafiff id# 
t5F e S b2*B<&fc^*ls]Sr»£oKKJfcT\ 1%^ 

TG>*#**i-s. kf e s \>tmm$x*& 

fi*#*}SJ:#-*-S 0 ^ N F e S b 2 ffiOIsl«r3Sftlt 
tt, 0. i%WTic«PS$tt6o 
[0 0 6 4] Z<D& 4 *v K^*5/fy^>f h^jSfc 

fbtt#Hft+-Cfrv\ ttSt^A^Kihi-sr^fcj:?) 
[0 0 6 5] #BMbtt#H«WJ»fi, .h^oi o \z s ft 

u Sfti<z)7yy;^sg, «*^rt^«»biiwa3i 
£*t5 r tic J: fli-s 

[0 0 6 6] JSftfbB&3«»»Lfc»M:, » 

#U ^tt, Mb***:* 

Ar#i«M»TT4Stl5. "Hl****^ *?£L< 

[0 0 6 7] roi5 4#HJHM»TTP« 

±WA*<oiMb*c ± o T £ C SRatlc: J:57-</vM 

F e S b2ftfwJB2*a5F«»«o»±Sr«<»*.5r 

[0 0 6 8] *^^7-f;uK^*yf^ h*»« 
K-^hiLTNi, Pd, PtW^fto 

Ni, Pd, Ptli Co^^i:l^ttt)J: 

[0 0 6 9] &fc s *&W<D7 4 )V y-r^-f h 

^S^TOCfi, L ny F exM4-x S bi2 CCt, L 
ntt*±Jg&JR, 0^X^4, O^y^l) COfififcit* 
tU M^Ni, Pd, Pt^^fto-C*>57^/UK 

[0 0 7 0] Co^tf7-f/l/K^*yf/^ 
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tlt"t>, Co?riftLf:Ni x Pd , Ptfl*, S b t (D 
5!f**<b**3flS#aEL4v^o-t?, *±ft K-^v h £ L 

4 hit. Ni, Pd, P t 3r#A/-C\ nl7^l^ 

[0071] r<oj:5*, Ni, PdXfiP tt«L 

7tL ny F exM4-x S bi2 C:^ Lnlit±f4 
Jl> 0^X^4, O^y^l) (D7^UK^^y7/^ 

[0 0 7 2] Sfc, *IS^^JR«*!y^M±, pl^n 

[0 0 7 3] Sb4t^*yf^h»tWHt P 
iitt, ±IEOLn y FexCo4- x Sbi2^7^;uK 

xxy^/isyj htmmtsh^ n ai:it ni n pax 

f±P t T*g&L7t L n y F e«M4-x S bi2^7>f ;UK^ 
[0 0 7 4] JRt*y^Hi, piWnlO^^yr 

mt-r%o -mt^tamnmt^ p-ng^®sr$tr 

*3lcffl«#VM;MraXU p - n U & 

p - n »^ffio»»S:l»*i-* J: 5 i£*&W»fc«Rl-f 

[0 0 7 5] $»7^uK^i7^f/^ h^^m 

*tf*j^*jft^»x<-^-4iro4 o o^^ex.s^ 

[ 0 0 7 6 ] 




(9) WBB 2000-252526 

[0 0 7 7] tfcfcSfcffl^sr. iiaoT, <t&W%L* 
LT**S*ii J: 0 ti-6o 

[00 7 8] **»K:tt, AMCo MS9 9.' 9 98 
5%) tMSb («S9 9. 9 9 9 9%) S^IF 
e (MS9 9. 9%) ^ % iMCoo.997Feo.003S 

H*«»^^^^^rt-C»*?afi 1 1 0 0-1 2 0 0t 

20 m^t(D^C o S baOtffffif&S (8 7 6*0) J^TT* 
8 5 OtCt 1 0 h»^ltM @ 

ilOO/zm^TCatfttto rttt-ct <9 C o S b3 

[0 0 7 9] r LaCh*^*!:^ 
i±\ {>fi^T>^^r7K^MTi-6^ i: CioT, Co 
Sbs *{b#4fc»*l^^>«ttOLa (OH) 3 'Sr*fffi£ 

UXj£t>5 0 Okgf/cm 2 . iim7 0 0t:, 4 
<h Lfc 0 

[0 0 8 0] r O <t t T# b tltjk^ i L a 2 Os 
<Dm*&8£l&i£<DSEM^m&mi (a) 
dl (b) lcttjfc«0)fc*&*;:, ^C^T«U:Co 
o. 9 97 F e o. 003 S bzi\L&*fa<Dfy<Dm&fc<r>S EM?S 
40 ^r^i"o IH«fc 0 •, C oo. 997 F eo. 003 S hzik&tyb L 

/JMfiT'4. 5W/mK^/^, «(D6W/mK?)^l 
[0 0 8 1 ] (H16«l 2 ) *3SWC03IJ6Wltt, C o S b 

[0 0 8 2] M^JS^ LTCuO»^^t6i, 
50 »b«H*r**«**c«WL, CoSbs <b^«C»^<:« 
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7JQLT, 4 0-6 0lCrftSfLT, Cu&BtJCiQtt-T- 
«^f:CoSb3 fb**»*as#&Jxfc. Cuft 

fppTEE^i 5 0 Okgf/cm 2 , ilgIS7 0 0tO*ttt?4 

[0 0 8 3] roj;5^Lr»6JxfcCu&«WBlCo 
Sb 3 fk^<Djft«*<7>if-^y^«iR^iaa[(OBB«S: 
i3CTto "fef— A oltfc^U C u cog 
Ift^ioTnS^agfbL^r^^JSo Cu» 

T*3fc1\ *S-»»i:iorcu*»p)C o^omftdSflE 

[0 0 8 4] (HJ60J3) CoSba *HS«*tS-tCOV^ 
T, IMIF e feKtai-aWB&frofc. 
WI:CoMSbcO»M, KfM^CoCT 
LTO. 3mo l%ftl/:M (Coo.997 Fe 
0.003 Sb3 ) t45i5«crii»ll«LT»*S*-C, 

[0 0 8 5] **«7C*Cttft*S:7 0 0-80 OtM 

*Si«7t;Lfco Co, S bXtfF e«©**s*S-*C»» 

[0 0 8 6 ] r^^Jff&^^r, iHfft<-/&7^U CoS 
bs Xftg-ftOftflHUE (8 7 6*0 HTI-*3^TAr 

sbfw, e»tr, mmmi twiar, » 

[0 0 8 7 ] El4^^|gl5(C s COiCLtMltC 
00.997 Feo.003 Sb3 fb-o-^ffiS^CO"^— <5> 

iS^LTl^o C0>*ffififfl*igCWK:Co S b3 

00.997 Feo.003 Sb3 fb'&fegE^^^tbtVSe 
[0 0 8 8] (H*£#J4) rcoUffiWl, 7-<yUK^* 

Ce («9 9. 9%) tiFe («9 9. 9%) £ 
3/^hCo (#BS9 9. 9 9 8 5) MTm>S 
b «$g9 9. 9 9 9 9%) LT, RttfCCe 

F e3Co S bMm&f&ttKtjiZXofc^ Ar#{S^* 

L7c e tv^/wi, «*^rtt**«pta« 1 000-1 1 

0 0 c Cic^LT2 0»B»»Lrft«»»S:8(IH 
[0 0 8 9] »»**SrAixfcT^^/u«r**fc: 




«rH 2000-252526 
Tc^d, MtI^T7 0 0t(:t3 0Nf«^J$L 

[0 0 9 0] ^(7)«&*Sr, L a C 1 3 

'>i<7)7 v^^TTK^ITt 5 r d: I: i o t , Ce 
CoFeaSbizW^Ha (OH) 3 Lfc: 

U CeCoFeaSb 1 2<b^**&«0»*<0«[ " 
L a 2 03 L fcS-fr®*J&S» btt 

fc. ro»*»*«rTHittJC*»LT, »m^7X^« 

*«tsv^«BiLfc Q ^n«rm^3ookg 

f/cm 2 , «8?aS6 0 0t, 4#««F£Ufc„ *fc, # 
WKfttti 5 ot/»aTi L7t 0 

[0 0 9 1] r^J:9(:Lt#b^tCeFe3CoS 
b 1 2 {b^» <t L a 2 O3 £ oa£ffitt#:<K>iRG«* k t m. 

20 L#^T\ fWjC^T'ft^LT^C e C o F e3 S bi2{b 

[0092] ^a)B^e>a*«B#fi, *fr£fttf>«]»h 

y T kteotcftitolz, &UX*<DC e F e3 C o S bi2*b 

[0 0 9 3] (XifeM5) :Ojtt»t 
y 7Vi/*V h **b**^**5n* i:Lt^<i:t)2l 

(*BS9 9. 9%) _LfE*£gGQCe s Fe, C o & 
[>'Sb?r, ftigSC eo..5 L ao. 5 F e3 C o S bi2©iB 

dltt:^ftSJ:3(c:Ar#||«"p-CW*-a*L, WStf 

T^Mzns&ikL. mnfrftx-mmmm 1000- 

1 1 0 0^C73P?&LT2 0^HB««PLT**PLfeo & 
ittz 0 »bixfc»«:lfft«*^-e 7 0 0tCT3 o*m 

iisiiii^t#6 a #b4x^an¥*a»s 1 0 0 M mju 

40 TMSStfbLfc. 

[0 0 9 4] :©»*tf«ttl:aiSLr, tktt?* 
^tttt«*rfflV^Tjft*Lfc. ^^BE^3 0 

Okgf/cm 2 , i^M6 0 0t, 4»(l|y*t Lfco * 
7t, #aifiStil 5 0°C/ft£kTt Ltz Q Z<D£?tZL 
xnhti1zfflfefc<DmBm^K £fflL*0>BB«*rB7fc** 

[0 0 9 5] (H160IJ6) ^(^^Jfe^Jfi, 
50 -C£>£ 0 a**±S5c5!5Lntt^1 : >-e3fflfi < !:4ffiO« 
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Efit^T 5 w t a* *imt tea. 

[0 0 9 6] M^^-^^Hf («S9 9. 9%) £ 
F e (ttff 9 9. 9 %) SO 5 S b (#6£ 9 9.9 9 9 9 
%) fc. MH f F e4 S b^OftjftitKlttSJ: p 

^/u«cij(ffi»it U ««^rt-e*»tHJE 1000-11 
»Stt«Pt? 7 o o , Ci:t 3 o «HUDftfttt t> ©tett 

ilOO/i mJ^T^ISSMfc; Lfc e 

[0 0 9 7 ] iWk**ra*-*-5ri:*<, 

ll*«*:fllVvr«ttLfc. EP^TJ£^j3 0 0kg 

f/cm 2 , ftjgfflS6 0 0t, 4»««rtL]to # 

1 5 0K/ft£kTk Lfci 0 20 
[0 0 9 8] rcoi 9tcLT#btt^3S«:<D^— <y 

* «»at5w«* fc um^m&zm 8 &uqg 9 tc^-n 

X^1t**r v T^m^LtztHsbXh^O , H f ^^t^, 

[0099] (smew 7) z.<Dnmm\zo\,^xi*, c jo 

[0 10 0] gMlCe «3&S9 9. 9%) i:F e 
(fc£g9 9. 9%) iCo (JWS9 9. 9 9 8 5) 
Sb («fi9 9. 9 9 9 9%) £ x ftftSCeFesC 
o Sbi2^iadlJtJc:ft6J:5^Ar#H« , t , -cW*- » ^ 

JPrt"C«W«aft 1 0 0 0-110 CC^PfRLT 2 0B# 

[oioi] rx^utp.-eTkTKtciSLrftftLT 

0tCT3 OHftHAnRMRftU BfflttfttJ:l3 7>f;uK 
[0 10 2] »lbn^attfL#t-ta»»L]t», 



tf2 0 00-252526 
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mmw&zh*. ttifiiHio (a) tiaio (b) id 

JtttLTF e S b2ta^ffi;«$^ 6>JX 

[0 10 3] :©J:54>* = ^7D>fy^i8o 
Hj6S0»J4 £H3«HCLTL a C 1 3 fe<£> 
#:P£&lCj; 9, L nO»<k»Ln2 03 

ffltt, JBfc«4fcWi:ft«=T?*au*:. ttSflstt, ^ 
JRtB-efcSF e S b2tB^r(S«i-5r t^«tor, if— 

[0 10 4] (3ii£0ij8) g^^LT, ^JlCe (MS 
9 9. 9%) <tFe («S9 9. 9%) MSb (&& 
9 9. 9 9 9 9%) £ x C e F e 4 S b i 2 (DffifiJc 

tfclcttS J: 5^A r#B**-CW* • »^Lfc&«fils|- 

1 0 0 0-110 0 c Ctc*Pj?fcLT2 0NfW««pLT*« 

3 0»»L, »<bftfc»«\ Ar#H**-C?L 
0 nm^T^UmtLfz 0 

[0 10 5] wO»5fe«r, ArSI*fl»*-*y^ 
rcoidf-, SfeJg^^a^ftJ^S^^TA rfi^tfT 

r«ESLfCc «5tt*f*te, fn^Ili^3 0 Okgf/cm 2 , S£ 
aS7 0 0t, 4»«J*£b^o #?fi5S«f±l 
0 0X;/ft&sTh L/Co 

[0106] I(7)J;5)|Ctt#W:CeFe4Sbi2 
ft«tt«Nr(t:ox«l§l9r«f*«rBl 1 (A) * 
fc. Hi 1 (B) Jctt^cft^-e^^lciitAL^flljatJB 

tt, XHlHltFrf 1 - hiCJi, C e F e4 S bi2COt°-^ 
EUrSSKdS, 0^26^3 1° W-iS^, ^tFeSb 
z^f- ^*5C e F e 4 S b } 2 t c — ^ ElSfilftHiSS^ Lt 
CeFe4Sbi2i:»t5FeSb2 ^0 
*r«Si*lt3&SjB0. 5{zi,R^- k&mZo Ml l 

(A) , Ar«W>f^AlWt1iFeS 
b2(Offid5«/>L, C e F e4 S b 1 2*LtS^bttTV^S 

rt^j-s. ^coMxte, Fesb2 <D\B\ffim&m)tn 

0. Ol^TOofc ^fc, ^CD^^f^E PMACt 
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[0107] z.lxh<n$m<n®&Mm k tfKBL<o 
BB«*Bli2^i- 0 SiOAr^l^tfi^t 

tLft-v&Zo Hit. rcoK^if— <y^«*xt5W« 

*tt-5*l*7cttft»* (ZT) i:?aa[i:^il«Sriai 4 

fcasib, if— <y*«»£if*-rs;i ZTfi 
4 5 0tT'l. 4i:ita;tim 70 
[0 10 8] &mM9) Z.<DMMMte, K-^yhi 
ITPt^l/^, CeFez.sPti.sSbizM^ 

Lfc. JRfl.^, Ce «g9 9. 9%) £Fe (««9 
9. 9%) tPt (tt9 9. 9) MSb «3&S9 
9. 9 9 9 9%) SrftfflLT, RfiacCeFez.sP 
t i.s S b 1 2 coMltlc^ 6 J: A r Tff 1 

IRe**ic ^fiSOiif^i 1 5 t^7p:-r o if— < 20 

y^«*»^»m*ta««>BB««riai 6 (a, b) k 
[0109] (mmmio) z<Dmmm&, pi^ni 

[0 110] pi(D7^;uK^*yf;^ b 

fl> HfiEfl&J 8 (CjoV^X#^)H/tC e F e4 S b i23Mfr& 30 

[ 0 1 1 1 ] fib^O)* n SO 7 ;u * y f/i'^-f h 
SfRmW^tt, StHS«9JC*3V^T»e>iXfcC e F e2.5 

p ti.ss bi2*{b*4fe»*«r/fli^-t\ ronsoftfr 

(CeFe4Sbi2*ft*») ±fc, Ar# 
9 , p-n2l 0^«rt»**T»yt. 

[0112] »fettfc2JB««*«r»«^7X^jK»« 40 
Srffl^TSl5*£Lfco Ri^Ii£^3 0 Okgf/cm 

S(ii 0 0X:/ft£XTk Lfc. r*Uc£o-t, @17C 

ffitfc^#SJSfrl S:* Mftffi-T»W2-5mmfcffl»LT 
P - n «^ Lfc*«0>*S*SK* 1 0 fC#Pi Lfc 0 
[0 113] p-n^Ufcfttttftt* *aSfflJtC(D^p 
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&M^tzmm>U^#;<DV}ft 1 OfclLfc. 
[0 114] &fc, Jft»>ti cm, SfeK, S3^fft<h 

It, »3Blc:J:oTa[»Cpn«*S*tfc7-f/PK^* 
[0 115] r.(OjR«^7$/^K^BHtt*tt, (£ 

(D^s/^/usrp n P n (om^m$kmw.m^W:^-tz>^ t 

[0 116] ilW^t6SlW^fl« 

[0 117] 7>f/u^^yf/^ h^Sfttl^^^ — 

[0118] flMK^ftttS^tt 
4 0 O c CJ^±T*c75iib^'STtgi:^ «9 , '>fi(D^r 

[0119] Mzxox'&btitim.tjte, 

[0 12 0] Hi 8iai, fl3IS = — Kw^^kLfcJSaSr 

r>82. a»7r^8 3Jc*«SJx, RBMMN84 
fell, *JW««i: LT*iJffl$ix5o ISftffirev^ — /U6 1 

Six, »aa7 3&s»it*^»^tB;«f-ffiffl-rso 
[0121] 
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-a* 

[0122] J»«tt»tt, s b*#** s/r/u^ Mb 

^W-* t ±M1 L n f Llo F e L 

£So 

[0123] 4*fC, C o i S b t 

fe±lfi»l:ttf C o S b 3ft*SCC r , Mn , Fe, 

[0124] *3SW^>»ftm«-!|Sftt, ft±H&Jl L n 
*LJ.oC oCD--gl5£:F el^L/cLnyF exC o4-x 

ttWfate * 5 M%fiJlT^»**r»*. £ r t <fc 19 , 

[0 12 5] £ feJJL, 7>f/UK7^5/7^M|Rl 
L ny F exM4-x S bi2 (rit\ L n tt#± 
m&m, M^N i v Pd, Pt) <Dffl.$Lb \^tz(DX\ f& 

[0126] *snoitA y^/Wi, pffl!R«t»fc 
T*rt*ix5^6>, p-n«^ffitJB«K:J:DaWSn 

T£><9, Sot, i«MK:fcV>Tffiffl£;h/rfc, p-ng 
[0 12 7] **WOj»m««.(0«3S*fett, Sb^t 

[0128] ■»A***&*«r«i— iMRi-5*ftiC7kiS 

[0129] **woiRmtt»o»a*ftfi, w 

Id, CoSb3l^ ^^yr^Mk^te^l: 
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*aS*>3o WMCMn, Cr, Fe, Ru^ 

^pIK-/^hoSil:J:»i, #ic P ^CoSb3 ^ 

[0130] CoSb3 7&&&ifo3Z'^<r>M&&lfk<DtB i '& 

th mmm*y*&, 

[oi3i] m&&m<Dj&&\zi&m,-77 x^m&mzm 

[0 13 2] *«W0)JR««»o«Jt*jfett, L 
nyF exCo4-x S bt2^7^f/VK7^ y z T>\'¥<4 

[0 13 3] 7-f/i/K^^yf/^ hSft^SIKft* 

" fbfcJ:*ftWS:KJtU ^«*»ft^**T«v^tt»: 
[0 1 3 4] JR«* y^yv/*, pl^^yf 

T\ ^ 7 ^/KO p - n ^^KC i o TM^tl, M 

[0 13 5] Sfcfc:, 7-<yuK^*y^u^>r 

[ID 1 ] #^$!<0||ffi#iJc7>C oo. 999 Feo.ooi Sb3 
ft*ftiLa2 03 0»*«*S#0«IKffi©tt^fl!>#* 
^fSEM?I (A) Coo. 999 Feo.ooi Sb 
3 <Dm&<Dm%k<D$EM?£M (B) 0 

[H 2 ] ^%0^£D^S£0iJ(C^SC 00.999 Feo.ooi S 
b3 ik&mtLaz 03 0ft«ttttft0*ME**&^ 
50 wBB««:*-r^7 7. 
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[03] *«W©5WS«*-«SCu^y4f«rltUfcCo 

[El 4] ^^(D^^Jt-^5F e»C oSb3 it& 
fe^Mt;Coo.99 9 Feo.ooioSbs f^«HI$: 

[H5] *anoltlfi«li:ftdFe£lnCoSb3 {b£ 
ftttttffcRtfC 00.999 Feo.ooi Sb3 ft^*«Bfe«: 
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